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METHOD FOR REGULATING CELL 
GROWTH AND ASSAYS RELATED 

THERETO 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. application Ser. 
No. 09/672,864, ?led Sep. 28, 2000, noW abandoned, Which 
claims priority under 35 U.S.C. § 119(e) from US. Provi 
sional Application Ser. No. 60/156,906, ?led Sep. 30, 1999, 
and entitled “Differential Roles of cdk4 and cdk6 in Cell 
Growth.” The entire disclosure of each of US. application 
Ser. No. 09/672,864 and US. Provisional Application Ser. 
No. 60/ 156,906 is incorporated herein by reference. 

GOVERNMENT RIGHTS 

This invention Was made in part With government support 
under NIH Grant Nos. HL-36577 AI-42246, AI-36676 and 
AI-23764, all aWarded by the National Institutes of Health. 
The government has certain rights to this invention. 

FIELD OF THE INVENTION 

The present invention relates to a method for assessing 
tumor cell groWth, for identifying compounds that inhibit 
such tumor groWth, and for using such compounds to inhibit 
cell groWth. 

BACKGROUND OF THE INVENTION 

Passage through the animal cell cycle is regulated at least 
in part by the cyclin-dependent kinases, at least nine of 
Which have been so far identi?ed (Meyerson et al., EMBO 
J., 11:2909*2917, 1992; Pines, Semin. Cell Biol, 
5:339*408,1994; Tassan et al., Proc. Natl. Acaal Sci. USA, 
92z887li8875, 1995; de Falco and Girdano, J. Cell. 
Physiol, 17715014506, 1998). The functions of three of 
them, cdk1 (cdc2), cdk2 and cdk4, have been delineated in 
most detail. In brief, cdk1 plays a role in regulating the G2 
to M-phase transition (Lohka et al., Proc. Natl. Acad. Sci. 
USA, 851300943013, 1988; Draetta et al., Cell, 5618294838, 
1989; Labbe et al., EMBO J., 81305343058, 1989; Nigg, 
Curr. Opin. Cell Biol, 5:187*193, 1993); cdk2 is involved 
in S-phase entry and progression (Dulic et al., Science, 
2571195841961, 1992; Kolfet al., Science, 2571168941693, 
1992; Ohtsubo and Roberts, Science, 259:1908*1912, 1993; 
Sherr, Science, 274:1672*1677, 1996); and cdk4, by inac 
tivating the groWth-suppressing functions of the Rb-protein, 
appears to permit passage through G1 phase (Matsushima et 
al., Cell, 71:323*334, 1992; Kato et al., Genes & Develop, 
7:331*342,1993; Sherr and Roberts, Genes & Develop, 
9114941163, 1995; Weinberg, Cell, 8113234330, 1995). 
Perhaps the most direct demonstration for the roles of cdk1 
and cdk2 Was derived from experiments using dominant 
negative forms of the proteins, Which Were mutated in their 
ATP-binding sites but could still form complexes With 
appropriate cyclins. Expression of the dominant-negative 
forms of cdc2 or cdk2 blocked cells in the G2 and G1 phases 
of the cycle, respectively (van den Heuvel and HarloW, 
Science, 262:205(¥2054, 1993). Though it is less direct, 
other evidence supports a role for cdk4 in G1-phase pro 
gression through regulation of Rb function. For example, 
over-expression of D-type cyclins, Which activate cdk4, 
shortens G1-phase length (Quelle et al., Genes & Develop, 
7155941571, 1993). It appears that certain cell lines Which 
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2 
lack the Rb protein no longer require cyclin D-associated 
kinase activity for groWth (Lukas et al., Molec. Cell. Biol, 
151260042611, 1995). Also, it Was shoWn that microinjec 
tion of active cyclin D1-cdk4 complexes into quiescent 
human diploid ?broblasts induced a portion of the cells to 
enter S-phase (Connell-CroWley et al., Curr Biol, 8z65i68, 
1998). 
More recently, the notion that cdk4 is essential for cell 

proliferation has been challenged by the ?nding that mice 
strains generated to be devoid of cdk4 are viable (Rane et al., 
Nature Genetics, 2244452, 1999; Tsutsui et al., Molec. Cell. 
Biol, 191701147019, 1999). HoWever, such mice are small 
in siZe, infertile and prone to the development of diabetes 
associated With a degeneration of pancreatic islets. In light 
of many previous in vitro studies, it Was surprising to ?nd 
that cdk4-de?cient embryonic ?broblasts derived from such 
mice appeared to proliferate normally in culture. HoWever, 
When such cells Were groWth-arrested in culture and then 
stimulated to re-enter the cell cycle, their entry into S-phase 
Was markedly delayed When compared to Wild-type, cdk4 
containing cells (Rane et al., Nature Genetics, 22144452, 
1999; Tsutsui et al., Molec. Cell. Biol, 191701147019, 
1999). Similar groWth properties had in fact previously been 
observed in cells (derived from the U2OS line) having 
reduced cdk4 activity levels due to enforced expression of a 
dominant-negative form of cdk4 (Jiang et al., Molec. Cell. 
Biol, 1852845290, 1998). Like the cdk4-negative embry 
onic ?broblasts, the cell line shoWed a reduced entry into 
S-phase after release from groWth arrest, but appeared 
otherWise normal in groWth properties. Taken together, the 
latter studies suggest that cdk4 may not be essential for cell 
growth and that its functions may be more important in some 
cell types than in others. Alternatively, it is possible that the 
normal functions of cdk4 have been at least partially 
assumed by another kinase, such as cdk6, in the absence of 
cdk4. The severity of the effects of cdk4 absence on certain 
organs or cell types may be in part a re?ection of the normal 
balance of cdk4 and cdk6 in the particular cell types. Such 
a partial assumption of function is not unprecedented. A 
notable example is observed in Lck-de?cient mice, in Which 
a related Src-family kinase, Fyn, appears to partially sub 
stitute for Lck. Mice de?cient in both Fyn and Lck unmask 
the essential roles of the tWo kinases in T cell development 
and signaling (Appleby et al., Cell, 70:751*763, 1992; 
Molina et al., Nature, 357:161*164, 1992; Groves et al., 
Cell, 514174428, 1996). 
Among the cdk family, cdk4 and cdk6 form a sub-group 

extremely homologous in structure. Then their entire pri 
mary structures are compared, nearly 70% homology is 
observed (Meyerson et al., EMBO J., 11:2909*2917, 1992; 
Hanks, Proc. Natl Acad. Sci. USA, 8413884392, 1987). 
Furthermore, the tWo proteins share numerous other simi 
larities. Both are activated by binding to D-type cyclins 
(Bates et al., Oncogene, 9:71*79, 1994; Matsushime et al., 
Molec. Cell. Biol, l4z2066i2076, 1994; Meyerson and 
HarloW, Molec. Cell. Biol, l4z2077i2086, 1994; Lucas et 
al., J. Immunol, 1541627546284, 1995). Unlike cdk1 and 
cdk2, neither Will phosphorylate the histone H1 protein in 
vitro, but Will utiliZe the Rb protein as a substrate (Mat 
sushime et al., Molec. Cell. Biol, l4z2066i2076, 1994; 
Meyerson and HarloW, Molec. Cell. Biol, l4z2077i2086, 
1994). Unlike cdk1 and cdk2, cdk4 and cdk6 lack a regu 
latory threonine residue in their ATP binding sites (Meyer 
son et al., EMBO J., 11:2909*2917, 1992; Hanks, Proc. 
Natl. Acad. Sci. USA, 84t388i392, 1987; Morgan, Nature, 
374:131*134, 1995). All animal cells yet examined contain 
both cdk4 and cdk6, but the ratio of the tWo proteins varies 
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among cell types (Meyerson et al., EMBO J, 11:2909*2917, 
1992). For example, T lymphocytes are an especially rich 
source of cdk6 activity (Meyerson and Harlow, Molec. Cell. 
Biol., 14207742086, 1994; Lucas et al., J. Immunol, 154: 
627546284, 1995), While, as shoWn beloW, ?broblast cells, 
such as the 3T3 line, have very high levels of cdk4. Because 
of their many similarities in structure and activity, it has 
been presumed, prior to the present invention, that cdk4 and 
cdk6 perform very similar functions in cells, With either 
cdk4 or cdk6 predominating in certain cell types and tissues. 
That cdk6 likely plays role(s) in G1 phase, like cdk4, has 
been suggested by analysis of lines With excess or de?cient 
cdk6 activities due to expression of Wild-type or dominant 
negative forms of the kinase (Grossel et al., J. Biol. Chem, 
274:29960i29967, 1999; Ojala et al., Cancer Res., 
59:498441989, 1999). Enforced expression of Wild-type 
cdk6, either alone (Grossel et al., J. Biol. Chem, 274: 
29960429967, 1999) or together With cyclin D1 (Ojala et al., 
Cancer Res., 59:4984i4989, 1999) appeared to shorten G1 
phase length Whereas the dominant-negative form delayed 
S-phase entry (Grossel et al., J. Biol. Chem, 
274:29960*29967, 1999). These studies Were both per 
formed With the U208 cell line, Which is defective in 
production of the p16INK4“ cdk inhibitor (Koh et al., Nature, 
375:506i5l0, 1995; Lukas et al., Nature, 375:503i506, 
1995; Medema et al., Proc. Natl. Acad. Sci. USA, 
92:6289i6293, 1995). Furthermore, the level of enhance 
ment or abrogation of cdk6 in the transfected U208 cells 
Was not demonstrated in those studies. 
From examinations of cdk4 and cdk6 activities in T 

lymphocytes, similarities in the regulation of the tWo activi 
ties emerged. When normal resting T cells Were stimulated 
to enter the cell cycle, cdk4 and cdk6 activities Were the ?rst 
to be detected (Meyerson and HarloW, Molec. Cell. Biol., 
14207742086, 1994; Lucas et al., J. Immunol, 
154:6275*6284, 1995; Lucas et al., J. Cell. Physiol., 165: 
4064416, 1995). Each kinase formed tWo different com 
plexes, With cyclin D2-associated activities preceding by 
many hours the appearance of cyclin D3-associated activi 
ties (Meyerson and HarloW, Molec. Cell. Biol., 
14207742086, 1994; Lucas et al., J. Immunol, 
154:6275*6284, 1995). Increases in cdk4, cdk6 and cyclin 
D2 protein levels and in both cdk4 and cdk6 kinase activities 
occurred very early in Gl-phase, before synthesis of IL-2, 
the major T-cell “progression” factor and thus before IL-2/ 
IL-2 receptor interactions Which are essential for progres 
sion through the restriction point and cell proliferation 
(Lucas et al., J. Immunol, 154:6275*6284, 1995; Lucas et 
al., J. Cell. Physiol., 165:4064116, 1995; Modiano et al., J. 
Biol. Chem. 26932972432978, 1994). HoWever, differences 
in the properties of the tWo kinases also emerged. Thus, cdk6 
protein Was readily detected in resting T cells (Lucas et al., 
J. Immunol, 154:6275*6284, 1995). Increases in the levels 
of this protein and its kinase activity preceded by at least tWo 
hours those of cdk4 (Lucas et al., J. Immunol, 
154:6275*6284, 1995; Lucas et al., J. Cell. Physiol., 165: 
4064416, 1995). It Was further demonstrated by immunof 
luorescence microscopy that the resting population of T-cells 
contained cdk6 and that Within minutes of T-cell activation 
it Was translocated to the nucleus (NagasaWa et al., J. 
Immunol, 158:5146*5154, 1997), suggesting a very early 
role for the protein in cell cycle entry or early Gl-phase 
progression. The T-cell derived Jurkat cell line, like its 
normal counterpart, contains a high level of cdk6 protein. 
Cdk6 kinase activity can be detected in high amount in the 
normal proliferative state of the cell line. HoWever, When the 
line is stimulated by agents Which stimulate IL-2 production, 
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4 
such as a combination of anti-CD3 and anti-CD28 mono 

clonal antibodies, there is a dramatic and rapid (Within 15 
minutes) increase in cdk6 kinase activity and a translocation 
of cdk6 and cyclin D2 proteins to the cell nuclei (NagasaWa 
et al., J. Immunol, 158:5146*5154, 1997). Taken together, 
the latter observations suggested that cdk6 is performing 
important functions very soon after cells are stimulated 
through receptors Which initiate signal transduction path 
Ways leading to cell groWth and/ or the production of groWth 
factors involved in cell cycle progression. 

It is therefore of interest to determine the effects of both 
cdk4 and cdk6 in various cell systems, especially since it 
appears likely that the functions of cdk4 and cdk6, and their 
relative importance, may differ in various cell types, as 
discussed further beloW. 
Many different molecular defects have been observed in 

breast cancer cells. Although the outcome is malignant cell 
groWth, no one defect or set of defects is seen in all breast 
tumors. HoWever, as knoWledge of signal transduction and 
cell cycle pathWays has increased, it has become clear that 
these defective molecules are components of basic regula 
tory netWorks and that defects in any of a number of them 
can lead to the same or very similar phenotypes (Hunter, 
Cell, 883334346, 1997). TWo key components of the fun 
damental cell-groWth regulatory netWorks are the Rb and 
p53 proteins (Weinberg, Cell, 81:323*330,1995; Levine, 
Cell, 88:323*331,1997). Both are groWth-suppressing mol 
ecules and defects in either protein or in proteins controlling 
their activities are seen in virtually all human tumors (Le 
vine, Cell, 883234331, 1997; Hollstein et al., Nucleic Acids 
Res., 22:355li3555, 1994). Rb activity is regulated in part 
by the Gl-phase cyclin-dependent kinases, such as cdk4, 
Which are in turn regulated by CDKIs (cyclin-dependent 
kinase inhibitors of the Cip/Kip and Ink4 families), cyclin 
D-family members, and cdc25 phosphatases (Sherr, Science, 
274:1672*1677, 1996; Morgan, Nature, 374:131*134, 
1995). Overproduction of cyclin D1 has been observed in a 
relatively high portion of human breast tumor samples 
(Buckley, et al., Oncogene, 8:2l27i2l33, 1993; Gillett et al., 
Cancer Res., 54181241817, 1994; Sutherland et al., Acta 
Oncologica, 34:65li656, 1995; Weinstat-SasloW et al., 
Nature Medicine, 1: 1257*1260,1995); decreased production 
of the CDKIs p16 (ink4a) orp27 (kip1) has been seen in 
others (Cairns et al., Nature Genetics, 11:210*212., 1995; 
Tan et al., Cancer Res., 57:1259*1263, 1997); and dysregu 
latien of cdc25A has been seen in some tumor cell lines 

(Galaktionov et al., Science, 269:1575*1577, 1995). In turn, 
p53 regulates production of p21 (cip1), also an inhibitor of 
cdks (El-Diery et al., Cell, 75:8l7i825, 1993; Sherr and 
Roberts, Genes & Develop, 9:1149*1163, 1995), and Bax 
(Miyashita and Reed, Cell, 802934299, 1995), an inducer of 
programmed cell death. Production of mutant p53 has been 
seen in many breast tumors (Levine, Cell, 883234331, 
1997; Hollstein et al., Nucleic Acids Res., 22:355li3555, 
1994; Bartek et al., Int. J. Cancer, 46:839i844, 1990); 
decreased Bax production has also been observed in some 
(KrajeWski et al., Cancer Res., 55:447141478, 1995). 
As noted above, cdk4 is a major regulator of Rb function 

(Sherr, Science, 274:1672*1677, 1996) and cellular alter 
ations or mutations Which interfere With its activity are 
likely candidates for oncogenic events. HoWever, such 
defects may also interfere With cdk6 activity, Which, as 
discussed above, is a kinase Which is highly related to cdk4 
in structure (Hanks, Proc. Natl. Acad. Sci. USA, 
84:388*292,1987; Meyerson et al., EMBO J., 
11:2909*2917, 1992) and regulated by the same basic set of 
molecules, that is Cip/Kip and Ink4-family CDKIs, D-type 
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cyclins, and cdc25 phosphatases (Morgan, Nature, 374: 
131*134, 1995; Sherr and Roberts, Genes & Develop, 
9:1149*1163, 1995). Ampli?cation of cdk6 DNA and 
increased cdk6 enzyme levels have been seen in some 
human gliomas and squamous cell carcinoma lines, respec 
tively (Costello et al., Cancer Res., 57:1250*1254, 1997; 
Timmerrnann et al., Cell Growth Dijferenlv 8z36li37l, 
1997), but the possible clinical signi?cance of these obser 
vations remains to be elucidated. 

Therefore, there is a need to further elucidate the func 
tions of cell cycle regulators such as cdk4 and cdk6 and to 
use such information to develop a better understanding of 
cell cycle events in tumor cells so that therapeutic strategies 
can be devised. 

SUMMARY OF THE INVENTION 

One embodiment of the present invention is a method for 
assessing tumor cell groWth in a patient. The method 
includes the steps of: (a) detecting cdk6 expression or 
biological activity in a cell sample from a patient; and, (b) 
comparing the cdk6 expression or biological activity as 
detected in step (a) to a baseline level of cdk6 expression or 
biological activity established from a control sample. Detec 
tion of reduced cdk6 expression or reduced cdk6 biological 
activity as compared to the baseline level of cdk6 expression 
or biological activity, is an indicator of increased cell groWth 
or potential therefor in the cell sample as compared to the 
control sample; and, detection of increased or substantially 
similar cdk6 expression or cdk6 biological activity as com 
pared to the baseline level of cdk6 expression or biological 
activity, is an indicator of decreased cell groWth or potential 
therefor in the cell sample as compared to the control 
sample. 

In one aspect, the step (a) of detecting comprises detecting 
cdk6 mRNA transcription in the cell sample. Such a step of 
detecting can be achieved by a method including, but not 
limited to, polymerase chain reaction (PCR), reverse tran 
scriptase-PCR (RT-PCR), in situ hybridization, Northern 
blot, sequence analysis and detection of a reporter gene. In 
another aspect, the step (a) of detecting comprises detecting 
cdk6 translation in the cell sample. Such a step can be 
achieved by a method including, but not limited to, immu 
noblot, enzyme-linked immunosorbant assay (ELISA), 
radioimmunoassay (RIA), immunoprecipitation, immuno 
histochemistry and immuno?uorescence. In another aspect, 
the step (a) of detecting comprises detecting cdk6 biological 
activity in the cell sample. Such a method can be achieved 
by a method including, but not limited to a kinase method to 
detect cdk6 kinase activity. 

In a one aspect, the cell sample is from mammary tissue 
in the patient. Preferably, the cell sample is from a mammary 
epithelial cell. 

In one aspect, detection of a statistically signi?cant 
change in cdk6 expression or biological activity in the cell 
sample as compared to the baseline level for the control 
sample, With a con?dence of p<0.05, indicates a change in 
cell groWth or potential therefor in the sample as compared 
to the control sample. In another aspect, detection of an at 
least about 30% change in cdk6 expression or biological 
activity in the cell sample as compared to the baseline level 
for the control sample, With a con?dence of p<0.05, indi 
cates a change in cell groWth or potential therefor in the 
sample as compared to the control sample. In yet another 
aspect, detection of an at least about 50% change in cdk6 
expression or biological activity in the cell sample as 
compared to the baseline level for the control sample, With 
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a con?dence of p<0.05, indicates a change in cell groWth or 
potential therefor in the sample as compared to the control 
sample. In yet another aspect, detection of an at least about 
1.5 fold change in cdk6 expression or biological activity in 
the cell sample as compared to the baseline level for the 
control sample, With a con?dence of p<0.05, indicates a 
change in cell groWth or potential therefor in the sample as 
compared to the control sample. 

In one aspect, the cell sample is from a patient being 
diagnosed for cancer, the baseline level is from a negative 
control sample, and detection of reduced cdk6 expression or 
reduced cdk6 biological activity as compared to the baseline 
level of cdk6 expression or biological activity is indicative 
of tumor cell groWth or potential therefor in the cell sample. 
In this method, When the cdk6 expression or biological 
activity detected in step (a) is reduced as compared to the 
baseline level, the method further comprises the steps of (c) 
comparing the cdk expression or biological activity as 
detected in step (a) to levels of cdk6 expression or biological 
activity from a panel of tumor control samples, Wherein each 
of the tumor control samples is correlated With a different 
stage of tumor development; and, (d) identifying a level of 
cdk6 expression of biological activity from one of the tumor 
control samples Which is statistically signi?cantly most 
similar to the level of cdk6 expression or biological activity 
detected in step (a), to diagnose a stage of tumor develop 
ment in the patient. In a further embodiment, the sample is 
preferably from mammary tissue of the patient, and the 
panel of tumor control samples comprises one tumor control 
sample from each of a stage I, stage II, stage III, and stage 
IV, breast cell tumor. 

In another aspect, the cell sample is from a patient Who is 
knoWn to have cancer, and the baseline level is from a 
previous tumor cell sample from the patient. In this aspect, 
the method further comprises a step (c) of modifying cancer 
treatment for the patient based on Whether an increase or 
decrease in cell groWth is indicated in step (b). 
The baseline of the present method can be established by 

a method including, but not limited to: (1) establishing a 
baseline level of cdk6 expression or biological activity in an 
autologous control sample from the patient, Wherein the 
autologous sample is from a same cell type, tissue type or 
bodily ?uid type as the sample of step (a); (2) establishing 
a baseline level of cdk6 expression or biological activity 
from at least one previous detection of cdk6 expression or 
biological activity in a previous sample from the patient, 
Wherein the previous sample Was of a same cell type, tissue 
type or bodily ?uid type as the sample of step (a); and, (3) 
establishing a baseline level of cdk6 expression or biological 
activity from an average of control samples of a same cell 
type, tissue type or bodily ?uid type as the sample of step (a), 
the control samples having been obtained from a population 
of matched individuals. In one aspect, the baseline level of 
(2) is established from a sample previously diagnosed as 
being positive for tumor cell groWth. 

Yet another embodiment of the present invention relates 
to an assay kit for diagnosing tumor cell groWth or a 
potential for tumor cell groWth in a patient. The assay kit 
includes: (a) a means for detecting cdk6 expression or 
biological activity in a cell sample; and, (b) a means for 
detecting a control marker characteristic of a cell type in the 
cell sample. In one aspect, the means of (a) is selected from 
the group consisting of: a hybridization probe of at least 
about 8 nucleotides that hybridizes under stringent hybrid 
ization conditions to a nucleic acid molecule encoding cdk6 
or a fragment thereof; an oligonucleotide primer for ampli 
?cation of mRNA encoding cdk6 or a fragment thereof; and 
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an antibody that selectively binds to cdk6. In one aspect, the 
means of (b) is selected from the group consisting of: a 
hybridization probe of at least about 8 nucleotides that 
hybridiZes under stringent hybridization conditions to a 
nucleic acid molecule encoding the control marker or a 
fragment thereof; an oligonucleotide primer for ampli?ca 
tion of mRNA encoding the control marker or a fragment 
thereof; and an antibody that selectively binds to the control 
marker. Preferably, the means of (a) and (b) are suitable for 
use in a method of detection selected from the group 
consisting of immunohistochemistry and immuno?uores 
cence. 

In a preferred embodiment, the cell sample is a breast 
tissue sample. In this aspect, the means of (b) can include, 
but is not limited to, an antibody that selectively binds to a 
cytokeratin. In a particularly preferred embodiment, the 
cytokeratin is selected from the group consisting of cytok 
eratin 14, cytokeratin 19 and vimentin. 

Yet another embodiment of the present invention relates 
to a method to identify a compound useful for inhibition of 
cell groWth. Such a method includes the steps of: (a) 
detecting an initial level of cdk6 expression or biological 
activity in a cell; (b) contacting the cell With a test com 
pound; (c) detecting a level of cdk6 expression or biological 
activity in the cell after contact of the cell With the com 
pound; and, (d) selecting a compound that increases the 
expression or biological activity of cdk6 in the cell as 
compared to the initial level as being useful for inhibition of 
cell groWth. In one aspect, the method further includes a step 
of detecting Whether the compound selected in (d) inhibits 
groWth of the cell. In one aspect the cell is a tumor cell. In 
another aspect, the method further comprises a step of 
detecting Whether the compound decreases p57KIP2 expres 
sion or biological activity in the cell. In yet another aspect, 
the method further includes steps of: (e) detecting a level of 
cdk4 expression in the cell prior to and after contact With the 
compound; and, (f) selecting a compound that does not 
substantially increase the expression or biological activity of 
cdk4 in the cell after contact With the compound as com 
pared to prior to contact With the compound. 

In one embodiment, the steps of detecting comprise 
detecting cdk6 mRNA transcription. Such methods have 
been described above. In another embodiment, the steps of 
detecting comprise detecting cdk6 translation. Such methods 
have also been described above. In another embodiment, the 
steps of detecting comprise detecting cdk6 kinase activity. 

Yet another embodiment of the present invention relates 
to a method to regulate cell groWth. Such a method includes 
the step of increasing cyclin dependent kinase 6 (cdk6) 
expression or biological activity in the cell to inhibit groWth 
of the cell. In one aspect, such a method includes overex 
pressing cdk6 in the cell. In one aspect, such a method 
comprises translecting the cell With a recombinant nucleic 
acid molecule encoding cdk6 operatively linked to a tran 
scription control sequence, Wherein the recombinant cdk6 is 
expressed by the cell. Preferably, the recombinant nucleic 
acid molecule comprises a recombinant viral vector. In 
another aspect, the method comprises increasing the activity 
of a cdk6 gene promoter in the cell such that expression of 
endogenous cdk6 in the cell is increased. In another aspect, 
the method comprises increasing enZymatic activity of cdk6 
in the cell. In yet another embodiment, the method com 
prises contacting the cell With a compound Which increases 
cdk6 expression or biological activity. In another embodi 
ment, the method comprises decreasing the expression or 
biological activity of p57KIP2 in the cell. Preferably, cdk6 
expression or biological activity is increased in a targeted 
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8 
cell. In one embodiment, the targeted cell is a tumor cell. In 
yet another embodiment, the method further comprises 
inhibiting the expression or biological activity of cdk4. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a line graph shoWing groWth curves of parental 
3T3 cells and of cell lines expressing the dn forms of cdk2 
(lines D2f2 and D2f5), of cdk6 (lines 6d3) or cdk4 (lines 
4d38, 4d39 and 4d41) in 10% serum. 

FIG. 2 is a line graph illustrating viability of parental 3T3 
cells and of cell lines expressing the dn forms of cdk2 (line 
D2f2), of cdk6 (line 6d3) or cdk4 (lines 4d39 and 4d41) after 
transfer of groWing cultures to medium containing 0.1% 
FCS. 

FIG. 3 is line graph shoWing the groWth of parental 3T3 
cells and of cells over-expressing the Wild-type (line3T3 
cdk6Wt1) or dominant-negative (line 3T3-cdk6dn3) form of 
cdk6. 

FIG. 4 is a bar graph illustrating the susceptibility of 
parental 3T3 and transfectant cell lines to irradiation by 
ultraviolet light. 

FIG. 5A is a bar graph shoWing the relative amounts of 
cdk2, cyclin D1, cyclin D3 and cdk6 proteins and of cdk6 
kinase activity in HMECs compared to the amounts in the 
MCF-7, BT-20, BT-474, MDA-MB-468 and MDA-MB-157 
cell lines. 

FIG. 5B is a bar graph shoWing the relative amounts of 
cdk2, cyclin D1, cyclin D3 and cdk6 proteins and of cdk6 
kinase activity in HMECs compared to the amounts in the 
BT-549, MDA-MB-453, T-47D, ZR-75il and MDA-MB 
134-VI* cell lines. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is generally directed to methods 
Which make use of the present inventors’ discovery that 
cyclin dependent kinase 6 (cdk6) plays a previously 
unknoWn role in the cell cycle. Speci?cally, the present 
inventors have demonstrated that the functions of cdk4 and 
cdk6 are distinct, despite the high degree of homology 
betWeen the tWo proteins. Whereas cdk4 is essential for 
optimal groWth of some cell types, it appears that cdk6 is 
not. Taken together, the data presented herein indicate that 
cdk6, Which is activated soon after cell groWth is induced 
after quiescence, may act to induce genes Which can cause 
WithdraWal from the cell cycle, if groWth is inappropriate at 
the time. 
More particularly, the present invention relates to the 

surprising discovery by the present inventors that, contrary 
to the previously presumption that cdk4 and cdk6 perform 
very similar functions in cells, cdk4 and cdk6 proteins 
perform differential roles in cells. Speci?cally, the present 
inventors have made the folloWing discoveries. First, the 
present inventors demonstrate herein that abrogation of cdk4 
has dramatic effects on cell cycle progression and groWth 
control properties, Whereas cdk6 abrogation has virtually no 
affect, indicating that cdk6 activity may not be a requirement 
for cell cycle progression, at least in 3T3 cells. Second, cell 
lines stably over-expressing cdk6 not only had elevated cdk6 
levels but kinase activity Was noW detected and maintained 
throughout the cell cycle. These cell lines had a markedly 
reduced groWth rate, noW stably over-produced the p53 
groWth-suppressing proteins, and exhibited enhanced sensi 
tivity to ultraviolet light, indicating that cdk6 plays a sig 
ni?cant role in the cells’ ability to respond to environmental 
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stimuli and that, after cells enter the proliferative state, cdk6 
may be involved in halting cell cycle progression if growth 
is inappropriate. Third, a comparative analysis of normal 
human mammary epithelial cells and tumor-derived cell 
lines revealed that, whereas most cell cycle proteins varied 
greatly in amount among the cell types, cdk6 was always 
present in lower amount in the tumor cell lines as compared 
to normal breast cells, and in several breast tumor cell lines, 
cdk6 could not be detected, indicating that reduced cdk6 
levels in breast epithelial cells could contribute to a malig 
nant phenotype. Fourth, cdk6 transiently and selectively 
interacts with Fyn, but not Lck, within minutes of T-cell 
activation. Following this initial interaction, cdk6, but not 
Fyn, migrates to the T-cell nucleus. Taken together, the 
present inventors have discovered a previously unknown 
function for cdk6 in several cell types, which has led the 
present inventors to develop novel methods of regulating 
cell growth, monitoring cell growth, and detecting the 
potential for inappropriate cell growth, as well as methods 
for identifying compounds useful in such methods. 

Previously, the use of dominant-negative forms of cdk 
family members has indicated important roles for cdks 1, 2 
and 3 in cell growth (van den Heuvel et al., 1993, Science 
262:205(¥2054). Inhibition of the endogenous enZymes by 
expression of dominant-negative forms inhibited cell 
growth. The present inventors describe herein that the 
expression of dominant negative forms of cdk4 and cdk6 in 
3T3 cells demonstrates a dramatic difference between the 
two kinases. Whereas abrogation of cdk4 activity extended 
Gl-phase and reduced entry into S-phase, reduction of the 
burst of cdk6 activity seen after cells re-entered the cell 
cycle had virtually no effect on cell growth. These obser 
vations indicated that cdk6 may not have a direct growth 
promoting function. In fact, analysis of stable transfectants 
overexpressing cdk6 indicated that such cells overproduced 
growth-suppressing molecules such as p53 and the Rb 
family member p130, had a reduced growth rate and were 
more susceptible to apoptosis induced by irradiation with 
ultraviolet light. These results indicate that, whereas cdk4 
promotes cell growth, its homologue, cdk6, is involved in 
pathways which negatively regulate growth. Without being 
bound by theory, the present inventors believe that cdk6 is 
involved in a pathway which responds to environmental 
factors which indicate that further growth is inappropriate. 
Thus, its absence or impaired function may lead to unre 
strained growth. 
The present inventors have discovered that cdk6 functions 

very early in G1 phase, perhaps determining whether or not 
cells will continue in the cell cycle after being activated to 
re-enter it. As described in Examples 1*3, the present 
inventors determined the effects of reduced cdk2, cdk4 or 
cdk6 kinase in 3T3 cells. In contrast to previous studies (van 
den Heuvel, 1993, supra), the ef?cacy of all three dominant 
negative forms in speci?cally inhibiting endogenous levels 
of the corresponding kinases was demonstrated. Since cdk4 
and cdk6 are regulated by the same D-type cyclins (cyclins 
D1 and D2 in 3T3 cells), it was initially expected that 
expression of one dominant-negative form (either cdk4 or 
cdk6) would also inhibit the other kinase. The dominant 
negative forms do not have kinase activity because they are 
mutated in their ATP-binding sites, but presumably can still 
bind, and thus sequester cognate cyclins. Surprisingly), 
however, it was found that over-expression of the cdk6 dn 
protein had little effect on cdk4 activity in proliferating cells. 
This might have indicated that the cyclins are present in 
su?icient excess to prevent inhibition of cdk4, or alterna 
tively, that at least some cdk6 is present in a form which is 
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10 
not binding cyclin, that cdk4 and cdk6 are utiliZing different 
cyclin D members at different times in the cell cycle, or that 
the pools of cyclins utiliZed by the kinases are in different 
cellular compartments. However, as discussed below, a 
combination of data provided by the present inventors 
indicates that when cells are exposed to prolonged serum 
starvation, the dn form of cdk6 may in fact interfere with 
cdk4 function. 
The present inventors have further demonstrated that 

overexpression of cdk6 in cells results in elevated cdk6 
levels, kinase activity that is detected and maintained 
throughout the cell cycle, markedly decreased growth rate, 
over-production of the p53 and p130 growth-suppressing 
proteins and enhanced sensitivity to ultraviolet light. 
The present inventors have also demonstrated that cdk6 

was always present in lower amount in breast cell tumor cell 
lines as compared to normal breast cells, and in several 
breast tumor cell lines, cdk6 could not be detected, indicat 
ing that reduced cdk6 levels in breast epithelial cells could 
contribute to a malignant phenotype. This strict pattern of 
appearance was in marked contrast to any other molecule 
studied. Although the results presented here were observed 
when comparing cellular extracts prepared from the same 
numbers of cells, the same pattern for cdk6 was seen when 
samples containing the same protein amount were analyZed. 
Therefore, the present inventors have discovered a novel 
basis for the evaluation of breast cell tumors which has led 
to the ability to develop powerful diagnostic, monitoring and 
staging assays for breast tumors. 
One embodiment of the present invention relates to a 

method (i.e., an assay) for assessing tumor cell growth in a 
patient. Such a method includes the steps of: (a) detecting 
cdk6 expression or biological activity in a cell sample from 
a patient; and, (b) comparing the cdk6 expression or bio 
logical activity as detected in step (a) to a baseline level of 
cdk6 expression or biological activity for the sample. Detec 
tion of reduced cdk6 expression or reduced cdk6 biological 
activity as compared to the baseline level of cdk6 expression 
or biological activity, is an indicator of increased cell growth 
or potential therefor in the patient. Additionally, detection of 
increased cdk6 expression or increased cdk6 biological 
activity as compared to the baseline level of cdk6 expression 
or biological activity as compared to the baseline level of 
cdk6 expression or biological activity, is an indicator of 
decreased cell growth or potential therefor in the patient. 
Detection of substantially the same cdk6 expression or 
biological activity (i.e., differences between sample and 
baseline control are not statistically signi?cant with a degree 
of con?dence of p<0.05) indicates no signi?cant change or 
difference in cell growth in the patient (i.e., relative to the 
baseline control). The method of the present invention can 
be used for any type of tumor wherein cdk6 activity is found 
to be statistically signi?cantly lower in tumor cells than in 
the corresponding normal cells. In a preferred embodiment, 
the method is used to assess breast (i.e., mammary) tumor 
growth in a patient. In this embodiment, the sample is 
preferably a mammary epithelial cell sample. 

According to the present invention, the phrase “tumor cell 
growth” refers primarily to neoplastic transformation of a 
cell, which is a change of a cell or population of cells from 
a normal to malignant state. The change typically involves 
cellular proliferation at a rate which is more rapid than the 
growth observed for normal cells under the same conditions, 
and which is typically characteriZed by one or more of the 
following traits: continued growth even after the instigating 
factor (e.g., carcinogen, virus) is no longer present; a lack of 
structural organiZation and/or coordination with normal tis 
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sue, and typically, a formation of a mass of tissue, or tumor. 
A tumor, therefore, is most generally described as a prolif 
eration of cells (e.g., a neoplasia, a growth, a polyp) result 
ing from neoplastic growth and is most typically a malignant 
tumor. In the case of a neoplastic transformation, a neoplasia 
is malignant or is predisposed to become malignant. Malig 
nant tumors are typically characterized as being anaplastic 
(primitive cellular growth characterized by a lack of differ 
entiation), invasive (moves into and destroys surrounding 
tissues) and/or metastatic (spreads to other parts of the 
body). As used herein, reference to a “potential for neoplas 
tic transformation” or a “potential for tumor cell growth” 
refers to an expectation or likelihood that, at some point in 
the future, a cell or population of cells will display charac 
teristics of neoplastic transformation, including rapid cellu 
lar proliferation characterized by anaplastic, invasive and 
metastatic growth. In the present invention, the expectation 
or likelihood of malignant tumor cell growth (i.e., a positive 
diagnosis of neoplastic transformation) is determined based 
on a detection of decreased cdk6 expression or biological 
activity in a cell as compared to a baseline (i.e., control) 
level of cdk6 expression or biological activity that is con 
sidered to be representative of cdk expression or biological 
activity in a normal (not neoplastically transformed) cell, as 
discussed in detail below. 

This method of the present invention has several different 
uses. First, the method can be used to diagnose tumor 
growth, or the potential for tumor growth, in a patient. The 
patient can be an individual who is suspected of having a 
tumor, or an individual who is presumed to be healthy, but 
who is undergoing a routine screening for tumor growth. The 
patient can also be an individual who has previously been 
diagnosed with cancer and treated, and who is now under 
routine surveillance for recurring tumor growth. The terms 
“diagnose”, “diagnosis”, “diagnosing” and variants thereof 
refer to the identi?cation of a disease or condition on the 
basis of its signs and symptoms. As used herein, a “positive 
diagnosis” indicates that the disease or condition, or a 
potential for developing the disease or condition, has been 
identi?ed. In contrast, a “negative diagnosis” indicates that 
the disease or condition, or a potential for developing the 
disease or condition, has not been identi?ed. Therefore, in 
the present invention, a positive diagnosis (i.e., a positive 
assessment) of tumor growth (i.e., malignant or inappropri 
ate cell growth or neoplastic transformation), or the potential 
therefor, means that the indicators (e.g., signs, symptoms) of 
tumor growth according to the present invention (i.e., 
reduced cdk6 expression or biological activity as compared 
to a baseline control) have been identi?ed in the sample 
obtained from the patient. Such a patient can then be 
prescribed treatment to reduce or eliminate the tumor 
growth. Similarly, a negative diagnosis (i.e., a negative 
assessment) for tumor growth or a potential therefor means 
that the indicators of tumor growth or a likelihood of 
developing tumor growth as described herein (i.e., reduced 
cdk6 expression or biological activity as compared to a 
baseline control) have not been identi?ed in the sample 
obtained from the patient. In this instance, the patient is 
typically not prescribed any treatment, but may be reevalu 
ated at one or more timepoints in the future to again assess 
tumor growth. Baseline levels for this particular embodi 
ment of the method of tumor growth assessment of the 
present invention are typically based on a “normal” or 
“healthy” sample from the same bodily source as the test 
sample (i.e., the same tissue, cells or bodily ?uid), as 
discussed in detail below. 
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In a second embodiment, the method of the present 

invention can be used more speci?cally to “stage” a tumor 
in a patient. Therefore, the patient can be diagnosed as 
having a tumor by the method as discussed above, or by any 
other suitable method (e.g, physical exam, X-ray, CT scan, 
blood test for a tumor antigen, surgery), and then (or at the 
same time, when the present method is also used as a 
diagnostic), the method of the present invention can be used 
to determine the stage of progression of tumor growth in an 
individual. For most cancer types, standard staging criteria 
exist and are known in the art. For example, in breast tumors, 
there are ?ve different general stages of tumor development 
which are known and acknowledged in the art as stages 0, 
I, II, III and IV (although these stages can be grouped into 
more complex subgroups based on more speci?c indicators). 
In this embodiment of the method of tumor growth assess 
ment of the present invention, the cdk6 expression and/or 
biological activity in the patient sample is compared to a 
panel of several different “baseline” levels of cdk6 expres 
sion or biological activity, wherein each baseline level 
represents a previously established level for a given stage of 
the cancer being diagnosed. For example, for a breast tumor 
staging assay, baseline levels of cdk6 expression and/or 
biological activity can be established for Stages I, II, III and 
IV of breast tumor cells (e.g., using an average level 
determined from a random sampling of tumors from differ 
ent patients at the various stages). Therefore, in this embodi 
ment, the level of expression of cdk6 expression or biologi 
cal activity in the patient sample is compared to the various 
baseline levels corresponding to the different stages of tumor 
growth to identify the baseline level that is statistically 
closest to the level of cdk6 expression or biological activity 
detected in the patient. The ability to “stage” a tumor in the 
method of the present invention allows the physician to 
more appropriately prescribe treatment for the patient. 

In a third embodiment of this method of the present 
invention, the method is used to monitor the success, or lack 
thereof, of a treatment for cancer in a patient that has been 
diagnosed as having cancer. In this embodiment, the base 
line level of cdk6 expression or biological activity typically 
includes the previous level of cdk6 expression or biological 
activity in a sample of the patient’s tumor, so that a new level 
of cdk6 expression or biological activity can be compared to 
determine whether tumor cell growth is decreasing, increas 
ing, or substantially unchanged as compared to the previous, 
or ?rst sample (i.e., the initial sample which presented a 
positive diagnosis). In addition, or alternatively, a baseline 
established as a “normal” or “healthy” level of cdk6 expres 
sion or biological activity can be used in this embodiment. 
This embodiment allows the physician to monitor the suc 
cess, or lack of success, of a treatment that the patient is 
receiving for cancer, and can help the physician to determine 
whether the treatment should be modi?ed. In one embodi 
ment of the present invention, the method includes addi 
tional steps of modifying cancer treatment for the patient 
based on whether an increase or decrease in cell growth is 
indicated by evaluation of cdk6 expression and/or biological 
activity in the patient. 
The ?rst step of the method of the present invention 

includes detecting cdk6 expression or biological activity in 
a cell sample from a patient. According to the present 
invention, the term “cell sample” can be used generally to 
refer to a sample of any type which contains cells to be 
evaluated by the present method, including but not limited 
to, a sample ofisolated cells, a tissue sample and/or a bodily 
?uid sample. According to the present invention, a sample of 
isolated cells is a specimen of cells, typically in suspension 
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or separated from connective tissue Which may have con 
nected the cells Within a tissue in vivo, Which have been 
collected from an organ, tissue or ?uid by any suitable 
method Which results in the collection of a suitable number 
of cells for evaluation by the method of the present inven 
tion. The cells in the cell sample are not necessarily of the 
same type, although puri?cation methods can be used to 
enrich for the type of cells Which are preferably evaluated. 
Cells can be obtained, for example, by scraping of a tissue, 
processing of a tissue sample to release individual cells, or 
isolation from a bodily ?uid. A tissue sample, although 
similar to a sample of isolated cells, is de?ned herein as a 
section of an organ or tissue of the body Which typically 
includes several cell types and/or cytoskeletal structure 
Which holds the cells together. One of skill in the art Will 
appreciate that the term “tissue sample” may be used, in 
some instances, interchangeably With a “cell sample”, 
although it is preferably used to designate a more complex 
structure than a cell sample. Atissue sample can be obtained 
by a biopsy, for example, including by cutting, slicing, or a 
punch. A bodily ?uid sample, like the tissue sample, contains 
the cells to be evaluated for cdk6 expression or biological 
activity, and is a ?uid obtained by any method suitable for 
the particular bodily ?uid to be sampled. Bodily ?uids 
suitable for sampling include, but are not limited to, blood, 
mucous, seminal ?uid, saliva, breast milk, bile and urine. 

In general, the sample type (i.e., cell, tissue or bodily 
?uid) is selected based on the accessibility and structure of 
the organ or tissue to be evaluated for tumor cell groWth 
and/or on What type of cancer is to be evaluated. For 
example, if the organ/tissue to be evaluated is the breast, the 
sample cap be a sample of epithelial cells from a biopsy (i.e., 
a cell sample) or a breast tissue sample from a biopsy (a 
tissue sample). The sample that is most useful in the present 
invention Will be cells or tissues isolated from a patient by 
a biopsy or surgery. 
Once a sample is obtained from the patient, the sample is 

evaluated for detection of cdk6 expression or biological 
activity in the cells of the sample. The phrase “cdk6 expres 
sion” can generally refer to cdk6 mRNA transcription or 
cdk6 protein translation. Preferably, the method of detecting 
cdk6 expression or biological activity in the patient is the 
same or qualitatively equivalent to the method used for 
detection of cdk6 expression or biological activity in the 
sample used to establish the baseline level. 

Methods suitable for detecting cdk6 transcription include 
any suitable method for detecting and/or measuring mRNA 
levels from a cell or cell extract. Such methods include, but 
are not limited to: polymerase chain reaction (PCR), reverse 
transcriptase PCR (RT-PCR), in situ hybridization, Northern 
blot, sequence analysis, and detection of a reporter gene. 
Such methods for detection of transcription levels are Well 
knoWn in the art, and many of such methods are described 
in detail beloW (See Northern blot analysis described in 
Examples), in Sambrook et al., Molecular Cloning: A Labo 
ralory Manual, Cold Spring Harbor Labs Press, 1989 and/or 
in Glick et al., Molecular Biotechnology: Principles and 
Applications ofRecombinanZ DNA, ASM Press, 1998; Sam 
brook et al., ibid., and Glick et al., ibid. are incorporated by 
reference herein in their entireties. The nucleotide and amino 
acid sequence for cdk6 in different mammalian species can 
be found in public databases, such as GenBank® in the 
National Center for Biotechnology Information. For 
example, the nucleotide and amino acid sequence for human 
cdk6 can be found in the NCBI database under Primary 
Accession No. NMi001259 (GenBank® No. 4502740). 
Measurement of cdk6 transcription is suitable When the 
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14 
sample is a cell or tissue sample; therefore, When the sample 
is a bodily ?uid sample containing cells or cellular extracts, 
the cells are typically isolated from the bodily ?uid to 
perform the expression assay. 

cdk6 expression can also be identi?ed by detection of 
cdk6 translation. Methods suitable for the detection of cdk6 
protein include any suitable method for detecting and/or 
measuring proteins from a cell or cell extract. Such methods 
include, but are not limited to, immunoblot (e.g., Western 
blot), enZyme-linked immunosorbant assay (ELISA), radio 
immunoassay (RIA), immunoprecipitation, immunohis 
tochemistry and immuno?uorescence. Particularly preferred 
methods for detection of proteins include any single-cell 
assay, including immunohistochemistry and immuno?uo 
rescence assays. Such methods are Well knoWn in the art. 
Furthermore, antibodies against cdk6 are knoWn in the art 
and are publicly available, for example, from Santa CruZ 
Biotechnology (Santa CruZ, Calif.). Detection of cdk6 in a 
cell by immunoblot analysis, by Way of example, is dem 
onstrated in the Examples section. 
The term, “cdk6 biological activity” refers to any bio 

logical action of the cdk6 protein, including, but not limited 
to, cdk6 enZymatic activity (i.e., kinase activity). Methods to 
detect cdk6 biological activity are also Well knoWn in the art 
and include, but are not limited to, assays for the detection 
of cdk6 kinase activity. Procedures for the isolation and 
assay of several cdk’s, including cdk6 have been described 
in the art (Matsushime et al., 1994, Mol. Cell. Biol. 
14206642076; Meyerson et al., 1994, Mol. Cell. Biol. 
14207742086; Lucas et al., 1995, J. Immunol. 
l54z6275i6284; and Lucas et al., 1995, J. Cell. Physiol. 
16524064116; all are incorporated by reference in their 
entireties). The method for cdk6 kinase assay is also 
described in detail in the Examples section. Other methods 
for detection of cdk6 biological activity, including alternate 
methods of detecting kinase activity, Will be knoWn to those 
of skill in the art and are encompassed by the present 
invention. 
The method of the present invention includes a step of 

comparing the level of cdk6 expression or biological activity 
detected in step (a) to a baseline level of cdk6 expression or 
biological activity. According to the present invention, a 
“baseline level” is a control level, and in some embodi 
ments, a normal level, of cdk6 expression or activity against 
Which a test level of cdk6 expression or biological activity 
(i.e., in the patient sample) can be compared. Therefore, it 
can be determined, based on the control or baseline level of 
cdk6 expression or biological activity, Whether a sample to 
be evaluated for tumor cell groWth has a measurable 
increase, decrease, or no change in cdk6 expression or 
biological activity, as compared to the baseline level. As 
discussed above, the baseline level can be indicative of 
different states of cell groWth, depending on the primary use 
of the assay. For example, the baseline level can be indica 
tive of the cell groWth expected in a normal (i.e., healthy or 
negative control) cell sample. Therefore, the term “negative 
control” used in reference to a baseline level of cdk6 
expression or biological activity refers to a baseline level 
established in a cell sample from the patient or from a 
population of individuals Which is believed to be normal 
(i.e., non-tumorous, not undergoing neoplastic transforma 
tion, not exhibiting inappropriate cell groWth). It is noted 
that the “negative control” is typically actually a higher level 
of cdk6 than Would be detected in an experimental cell 
having inappropriate, increased cell groWth, because the 
cdk6 expression/biological activity and cell groWth are 
inversely related. In another embodiment, a baseline can be 
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indicative of a positive diagnosis of tumor cell growth. Such 
a baseline level, also referred to herein as a “positive 
control” baseline, refers to a level of cdk6 expression or 
biological activity established in a cell sample from the 
patient, another patient, or a population of individuals, 
Wherein the sample Was believed to be neoplastically trans 
formed (i.e., tumorous, exhibiting inappropriate cell groWth, 
cancerous). It is noted that this “positive control” Will 
typically actually represent a loWer level of cdk6 than in a 
normal cell, again due to the inverse relationship betWeen 
cdk6 and cell groWth. In one aspect of this embodiment, the 
baseline can be indicative of a particular stage of tumor cell 
groWth, Which Will alloW a patient’s sample to be “staged” 
(i.e., the stage of the cancer in the patient can be identi?ed). 
In yet another embodiment, the baseline level can be estab 
lished from a previous sample from the patient being tested, 
so that the tumor groWth of a patient can be monitored over 
time. Methods for detecting cdk6 expression or biological 
activity are described in detail above. 

The method for establishing a baseline level of cdk6 
expression or activity is selected based on the sample type, 
the tissue or organ from Which the sample is obtained, the 
status of the patient to be evaluated, and, as discussed above, 
the focus or goal of the assay (e.g., diagnosis, staging, 
monitoring). Preferably, the method is the same method that 
Will be used to evaluate the sample in the patient. 

In one embodiment, the baseline level of cdk6 expression 
or biological activity is established in an autologous control 
sample obtained from the patient. The autologous control 
sample can be a sample of isolated cells, a tissue sample or 
a bodily ?uid sample, and is preferably a cell sample or 
tissue sample. According to the present invention, and as 
used in the art, the term “autologous” means that the sample 
is obtained from the same patient from Which the sample to 
be evaluated is obtained Preferably, the control sample is 
obtained from the same organ or tissue as the sample to be 
evaluated, such that the control sample serves as the best 
possible baseline for the sample to be evaluated. In one 
embodiment, When the goal of the assay is diagnosis of 
abnormal cell groWth, it is desirable to take the control 
sample from a population of cells or a tissue Which is 
believed to represent a “normal” cell or tissue, or at a 
minimum, a cell or tissue Which is least likely to be 
undergoing or potentially be predisposed to develop tumor 
cell groWth. For example, if the sample to be evaluated is an 
area of apparently abnormal cell groWth, such as a tumorous 
mass, the control sample is preferably obtained from a 
section of apparently normal tissue (i.e., an area other than 
and preferably a reasonable distance from the tumorous 
mass) in the tissue or organ Where the tumorous mass is 
groWing. In one aspect, if a tumor to be evaluated is in the 
breast, the test sample Would be obtained from the suspected 
tumor mass and the control sample Would be obtained from 
a different section of the breast (or a different breast), Which 
is separate from the area Where the mass is located and 
Which does not shoW signs of uncontrolled cellular prolif 
eration. 

In another embodiment, When the goal is to monitor tumor 
cell groWth in the patient, the autologous baseline sample 
Will be a previous sample from the patient Which Was taken 
from an apparent or con?rmed tumorous mass, and/ or from 

apparently normal (i.e., non-tumor) tissue in the patient. 
Therefore, a second method for establishing a baseline level 
of cdk6 expression or biological activity is to establish a 
baseline level of cdk6 expression or biological activity from 
at least one measurement of cdk6 expression or biological 
activity in a previous sample from the same patient. Such a 
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sample is also an autologous sample, but is taken from the 
patient at a different time point than the sample to be tested. 
Preferably, the previous sample(s) Were of a same cell type, 
tissue type or bodily ?uid type as the sample to be presently 
evaluated. In one embodiment, the previous sample resulted 
in a negative diagnosis (i.e., no tumor cell groWth, or 
potential therefor, A Was identi?ed). In this embodiment, a 
neW sample is evaluated periodically (e.g., at annual physi 
cals), and as long as the patient is determined to be negative 
for tumor development, an average or other suitable statis 
tically appropriate baseline of the previous samples can be 
used as a “negative control” for subsequent evaluations. For 
the ?rst evaluation, an alternate control can be used, as 
described beloW, or additional testing may be performed to 
con?rm an initial negative diagnosis, if desired, and the 
value for cdk6 expression or biological activity can be used 
thereafter. This type of baseline control is frequently used in 
other clinical diagnosis procedures Where a “normal” level 
may differ from patient to patient and/or Where obtaining an 
autologous control sample at the time of diagnosis is either 
not possible, not practical or not bene?cial. For example, for 
a patient Who has periodic mammograms, the previous 
mammograms serve as baseline controls for the mammary 
tissue of the individual patient. Similarly, for a patient Who 
is regularly screened for prostate cancer by evaluation of 
levels of prostate cancer antigen (PCA), previous PCA 
levels are frequently used as a baseline for evaluating 
Whether the individual patient experiences a change. 

In another embodiment, the previous sample from the 
patient resulted in a positive diagnosis (i.e., tumor groWth 
Was positively identi?ed). In this embodiment, the baseline 
provided by the previous sample is effectively a positive 
control for tumor groWth, and the subsequent samplings of 
the patient are compared to this baseline to monitor the 
progress of the tumor groWth and/or to evaluate the ef?cacy 
of a treatment Which is being prescribed for the cancer. In 
this embodiment, it may also be bene?cial to have a negative 
baseline level of cdk6 expression or biological activity, so 
that a baseline for remission or regression of the tumor can 
be set. Monitoring of a patient’s tumor groWth can be used 
by the clinician to modify cancer treatment for the patient 
based on Whether an increase or decrease in cell groWth is 
indicated. 

It Will be clear to those of skill in the art that some samples 
to be evaluated Will not readily provide an obvious autolo 
gous control sample, or it may be determined that collection 
of autologous control samples is too invasive and/or causes 
undue discomfort to the patient. In these instances, an 
alternate method of establishing a baseline level of cdk6 
expression or biological activity should be used, examples 
of Which are described beloW. 
A third method for establishing a baseline level of cdk6 

expression or biological activity is to establish a baseline 
level of cdk6 expression or biological activity from control 
samples, and preferably control samples that Were obtained 
from a population of matched individuals. It is preferred that 
the control samples are of the same sample type as the 
sample type to be evaluated for cdk6 expression or biologi 
cal activity. According to the present invention, the phrase 
“matched individuals” refers to a matching of the control 
individuals on the basis of one or more characteristics Which 

are suitable for the type of cell or tumor groWth to be 
evaluated. For example, control individuals can be matched 
With the patient to be evaluated on the basis of gender, age, 
race, or any relevant biological or sociological factor that 
may affect the baseline of the control individuals and the 
patient (e.g., preexisting conditions, consumption of particu 
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lar substances, levels of other biological or physiological 
factors). For example, levels of cdk6 expression in the breast 
of a normal individual (i.e., having breast tissue that is not 
neoplastically transformed or predisposed to such transfor 
mation) may be higher in individuals of a given classi?ca 
tion (e.g., elderly vs. teenagers, smokers vs. non-smokers) 
(although such variation in groups is not currently known). 
To establish a control or baseline level of cdk6 expression or 
biological activity, samples from a number of matched 
individuals are obtained and evaluated for cdk6 expression 
or biological activity. The sample type is preferably of the 
same sample type and obtained from the same organ, tissue 
or bodily ?uid as the sample type to be evaluated in the test 
patient. The number of matched individuals from Whom 
control samples must be obtained to establish a suitable 
control level (e. g., a population) can be determined by those 
of skill in the art, but should be statistically appropriate to 
establish a suitable baseline for comparison With the patient 
to be evaluated (i.e., the test patient). The values obtained 
from the control samples are statistically processed to estab 
lish a suitable baseline level using methods standard in the 
art for establishing such values. 
A baseline such as that described above can be a negative 

control baseline, such as a baseline established from a 
population of apparently normal control individuals. Alter 
natively, as discussed above, such a baseline can be estab 
lished from a population of individuals that have been 
positively diagnosed as having cancer, and particularly, 
cancer of a speci?ed stage, as set forth by the medical 
community, so that one or more baseline levels can be 

established for use in staging a cancer in the patient to be 
evaluated. Therefore, in one embodiment, the baseline level 
is one or more breast tumor control samples that is correlated 
With a particular stage of breast tumor development. For 
example, tumor samples from an appropriate number of 
individuals Which have been diagnosed as having a particu 
lar stage of a given cancer (e.g., Stage I breast cancer) are 
tested for cdk6 expression or biological activity. The values 
obtained from these control samples are statistically pro 
cessed to establish a suitable baseline level using methods 
standard in the art for establishing such values, and the 
baseline is noted as being indicative of that particular stage 
of cancer. Preferably, a similar value is determined for each 
of the established stages of the given cancer, so that a panel 
of baseline values, each representing a different stage of the 
cancer, is formed. The level of cdk6 expression or biological 
activity in the patient sample is then compared to each of the 
baseline levels to determine to Which baseline the cdk6 level 
of the patient is statistically closest. It Will be appreciated 
that a given patient sample may fall betWeen baseline levels 
of tWo different stages such that the best diagnosis is that the 
patient tumor is at least at the loWer stage, but is perhaps in 
the process of advancing to the higher stage. The data 
provided by this method can be used in conjunction With 
current cancer staging methods to assist the physician in the 
evaluation of the patient and in prescribing suitable treat 
ment for the cancer. 

It Will be appreciated by those of skill in the art that a 
baseline need not be established for each assay as the assay 
is performed but rather, a baseline can be established by 
referring to a form of stored information regarding a previ 
ously determined baseline level of cdk6 expression for a 
given control sample, such as a baseline level established by 
any of the above-described methods. Such a form of stored 
information can include, for example, but is not limited to, 
a reference chart, listing or electronic ?le of population or 
individual data regarding “normal” (negative control) or 
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tumor positive (including staged tumors) cdk6 expression; a 
medical chart for the patient recording data from previous 
evaluations; or any other source of data regarding baseline 
cdk6 expression that is useful for the patient to be diagnosed. 

After the level of cdk6 expression or biological activity is 
detected in the sample to be evaluated for tumor cell groWth, 
such level is compared to the established baseline level of 
cdk6 expression or biological activity, determined as 
described above. Also, as mentioned above, preferably, the 
method of detecting used for the sample to be evaluated is 
the same or qualitatively and/ or quantitatively equivalent to 
the method of detecting used to establish the baseline level, 
such that the levels of the test sample and the baseline can 
be directly compared. In comparing the test sample to the 
baseline control, it is determined Whether the test sample has 
a measurable decrease or increase in cdk6 expression or 
biological activity over the baseline level, or Whether there 
is no statistically signi?cant difference betWeen the test and 
baseline levels. After comparing the levels of cdk6 expres 
sion or biological activity in the samples, the ?nal step of 
making a diagnosis, monitoring, or staging of the patient can 
be performed. 

Detection of a decreased level of cdk6 expression or 
biological activity in the sample to be evaluated (i.e., the test 
sample) as compared to the baseline level indicates that, as 
compared to the baseline sample, increased cell groWth or a 
potential therefor is indicated in the test cells. This indica 
tion of increased cell groWth is evaluated based on What the 
baseline represents, and can mean: (1) a positive diagnosis 
of tumor cell groWth (neoplastic transformation) or potential 
for tumor cell groWth in the patient; (2) continued or 
increased tumor cell growth in a patient previously diag 
nosed With a cancer; and/or (3) a higher stage of tumor 
groWth than that represented by the baseline. More speci? 
cally, if the baseline is a normal or negative control sample 
(i.e., autologous or otherWise established, such as from a 
population control), a detection of decreased cdk6 expres 
sion or biological activity in the test sample as compared to 
the control sample indicates that the cells in the test sample 
are undergoing (or are at risk of undergoing) increased, and 
likely inappropriate (i.e., tumorous, neoplastic) cell groWth. 
If the baseline sample is a previous sample from the patient 
(or a population control) and is representative of a positive 
diagnosis of tumor cell groWth in the patient (i.e., a positive 
control), a detection of decreased cdk6 expression or bio 
logical activity in the sample as compared to the baseline 
indicates that the cells in the test sample are experiencing 
increased tumor groWth or a potential therefor, Which Would 
suggest to a clinician that a treatment currently being 
prescribed, for example, is not controlling the tumor groWth 
or that tumor groWth in the patient has recurred. If the 
baseline sample is representative of a particular stage of 
tumor, a detection of decreased cdk6 expression or biologi 
cal activity in the sample as compared to the baseline 
indicates that the cells in the test sample are at a higher stage 
of tumor groWth than the stage represented by the baseline 
sample (e.g., if the baseline represented a stage I breast 
tumor, the test sample is likely to be higher than stage I, and 
should be compared to a stage II, III or IV baseline). 

Detection of an increased level of cdk6 expression or 
biological activity in the sample to be evaluated (i.e., the test 
sample) as compared to the baseline level indicates that, as 
compared to the baseline sample, decreased cell groWth or 
a potential therefor is indicated in the test cells. This 
indication of decreased cell groWth is evaluated based on 
What the baseline represents, and can mean: (1) a negative 
diagnosis of tumor cell groWth (neoplastic transformation) 
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or potential for tumor cell growth in the patient; (2) reduced 
tumor cell growth in a patient previously diagnosed With a 
cancer; and/or (3) a loWer stage of tumor groWth than that 
represented by the baseline. More speci?cally, if the baseline 
is a normal or negative control (autologous or otherWise 
established, such as from a population control), a detection 
of increased cdk6 expression or biological activity in the test 
sample as compared to the control sample indicates that the 
cells in the test sample are also normal and are not predicted 
to be at risk of undergoing inappropriate (i.e., tumorous, 
neoplastic) cell groWth. If the baseline sample is a previous 
sample from the patient (or from a population control) and 
is representative of a positive diagnosis of tumor cell groWth 
in the patient (i.e., a positive control), a detection of 
increased cdk6 expression or biological activity in the 
sample as compared to the baseline indicates that the cells in 
the test sample are experiencing decreased tumor groWth or 
a potential therefor, Which suggests to a clinician, for a 
patient that has cancer, that a treatment currently being 
prescribed, for example, is successfully controlling the 
tumor groWth or that a tumor in the patient is in remission 
or eliminated. If the baseline sample is representative of a 
particular stage of tumor, a detection of increased cdk6 
expression or biological activity in the sample as compared 
to the baseline indicates that the cells in the test sample are 
at a loWer stage of tumor groWth than the stage represented 
by the baseline sample (e.g., if the baseline represented a 
stage II breast tumor, the test sample is likely to be loWer 
than stage I, and should be compared to a stage I and 
negative (normal) baseline). 

Finally, detection of cdk6 expression that is not statisti 
cally signi?cantly different than the cdk6 expression or 
biological activity in the baseline sample indicates that, as 
compared to the baseline sample, no difference in cell 
groWth or a potential therefor is indicated in the test cells. 
This indication of effectively a “baseline level” of cell 
groWth in the test cell is evaluated based on What the 
baseline represents, and can mean: (1) a negative or positive 
diagnosis of tumor cell groWth (neoplastic transformation) 
or potential therefor in the patient; (2) unchanged tumor cell 
groWth in a patient previously diagnosed With a cancer; 
and/or (3) a correlation With a stage of tumor groWth that is 
represented by the baseline. More speci?cally, if the baseline 
is a normal or negative control (autologous or otherWise 
established, such as from a population control), a detection 
of cdk6 expression or biological activity in the test sample 
that is not statistically signi?cantly different than the base 
line sample indicates that the cells in the test sample are also 
normal and are not predicted to be at risk of undergoing 
inappropriate (i.e., tumorous, neoplastic) cell groWth. If the 
baseline sample is a previous sample from the patient (or 
from a population control) and is representative of a positive 
diagnosis of tumor cell groWth in the patient (i.e., a positive 
control), a detection of cdk6 expression or biological activ 
ity in the sample that is not statistically signi?cantly differ 
ent than the baseline indicates that the cells in the test sample 
are experiencing tumor cell groWth or a potential therefor, 
and the patient should be further evaluated for cancer. In a 
patient Who has cancer and is being monitored for tumor 
progression, a detection of cdk6 expression or biological 
activity in the test sample that is not statistically signi?cantly 
different than the baseline sample indicates that the tumor is 
neither increasing (progressing) or decreasing (regressing). 
Such a diagnosis might suggest to a clinician that a treatment 
currently being prescribed, for example, is ineffective in 
controlling the tumor groWth. Finally, if the baseline sample 
is representative of a particular stage of tumor, a detection of 
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20 
cdk6 expression or biological activity in the test sample that 
is not statistically signi?cantly different than the baseline 
sample indicates that the cells in the test sample are at 
substantially the same stage of tumor groWth as the stage 
represented by the baseline sample. 
As discussed above, a positive diagnosis indicates that 

increased cell groWth, and possibly tumor cell groWth (neo 
plastic transformation), has occurred, is occurring, or is 
statistically likely to occur in the cells or tissue from Which 
the sample Was obtained. In order to establish a positive 
diagnosis, the level of cdk6 activity is decreased (or in the 
case of a negative diagnosis, increased) over the established 
baseline by an amount that is statistically signi?cant (i.e., 
With at least a 95% con?dence level, or p<0.05). Preferably, 
detection of at least about a 30% decrease in ckd6 expression 
or biological activity in the sample as compared to the 
baseline level results in a positive diagnosis of increased cell 
groWth for said sample, as compared to the baseline. More 
preferably, detection of at least about a 50% decrease, and 
more preferably at least about a 70% decrease, and more 
preferably at least about a 90% decrease in ckd6 expression 
or biological activity in the sample as compared to the 
baseline level results in a positive diagnosis of increased cell 
groWth for said sample. In one embodiment, a 1.5 fold 
decrease in ckd6 expression or biological activity in the 
sample as compared to the baseline level results in a positive 
diagnosis of increased cell groWth for said sample. More 
preferably, detection of at least about a 3 fold decrease, and 
more preferably at least about a 6 fold decrease, and even 
more preferably, at least about a 12 fold decrease, and even 
more preferably, at least about a 24 fold decrease in ckd6 
expression or biological activity as compared to the baseline 
level results in a positive diagnosis of increased cell groWth 
for said sample. As discussed in detail above, if the level of 
cdk6 expression or biological activity in the test sample is 
greater than the baseline level of cdk6 expression or bio 
logical activity (With statistical signi?cance as described 
above), then a negative diagnosis of decreased cell groWth, 
as compared to the baseline, is indicated. As discussed 
above, a negative diagnosis typically refers to a determina 
tion that neoplastic transformation has not occurred in the 
cells or tissue from Which the sample Was obtained and that 
there is no indication that neoplastic transformation is or Will 
occur in such cells as of the time the evaluation is performed, 
or that reduced tumor cell groWth is occurring in the cells or 
tissue from Which the sample Was obtained as compared to 
the baseline. A negative diagnosis may be used in future 
evaluations to establish a negative baseline for the patient 
and/or be used to assist With the establishment of a popu 
lation control level When combined With results from other 
patients considered to be normal. Finally, if the level of cdk6 
expression or biological activity in the test sample is statis 
tically signi?cantly the same as the baseline level of cdk6 
expression or biological activity (using the con?dence levels 
set forth above), then the test cells are believed to be 
experiencing substantially the same cell groWth as the 
baseline sample, and the diagnosis is dependent on What the 
baseline sample represents (i.e., a positive or negative con 
trol, or a stage of tumor development). It Will be appreciated 
that in any embodiment, the ?nal evaluation of What is 
indicated by a change in cdk6 expression or biological 
activity as compared to the baseline, beyond the established 
indication of increased, decreased, or unchanged cell 
groWth, is dependent upon What the baseline represents. 

In one embodiment, a positive diagnosis of neoplastic 
transformation in a sample obtained from a patient can be 
indicative of the development, or potential for development, 
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of neoplastic transformation of the cell type, tissue and/or 
organ from Which the sample Was obtained. For example, a 
positive diagnosis in a sample obtained from the breast is 
indicative of breast cancer, or the potential therefor, in the 
patient. Once a positive diagnosis is made using the present 
method, the diagnosis can be substantiated, if desired, using 
any suitable alternate method of detection of tumor cell 
groWth, including pathology screening, blood screening for 
tumor antigens, and surgery. In one embodiment of the 
present invention, the method can include an additional step 
of con?rming the diagnosis of tumor cell groWth using such 
an alternate form of detection of neoplastic transformation 
such as surgery, tumor antigen screening, biopsy and/or 
pathology/histology. A positive diagnosis of tumor cell 
groWth in an individual alloWs for the commencement of 
appropriate treatment protocols. Since the method of the 
present invention is useful for the early detection of inap 
propriate cell groWth in an individual, treatment protocols 
are expected to be more effective and result in prolonged 
survival rates. 

Yet another embodiment of the present invention relates 
to an assay kit for diagnosing tumor cell groWth or a 
potential for tumor cell groWth in a patient. The assay kit 
includes: (a) a means for detecting cdk6 expression or 
biological activity in a cell sample; and (b) a means for 
detecting a control marker characteristic of the cell type that 
is being sampled. 

This assay kit, and the diagnostic method of the present 
invention are believed to be superior and more poWerful 
than previously described markers for tumors, and particu 
larly, for breast cell tumors. Diagnostic assays described 
prior to the present invention typically rely on markers 
Which are not necessarily present in all patients that have or 
are at risk of developing tumors (i.e., genetic markers that 
are predictive of only a subset of cancer patients, such as 
BRACI for breast cell tumors). Moreover, such markers are 
typically detected as an “all or nothing” response, and 
therefore provide only a “yes or no” ansWer and are not 
useful for staging tumors, for example. In contrast, the 
method of the present invention is believed to be effective 
for the detection of tumor cell groWth or a potential therefor 
in all breast tumor cells, regardless of Whether other genetic 
markers have predisposed an patient to the cancer. More 
over, the method of the present invention is designed to test 
for varying levels of cdk6 expression and/or biological 
activity as a marker of neoplastic transformation, and there 
fore provides more than a “yes/no” ansWer in that tumor 
development in a patient can be staged using the assay kit 
and method of the present invention. Therefore, the assay kit 
and diagnostic method of the present invention are believed 
to be signi?cantly more poWerful and useful than previously 
described tumor assays, particularly for the diagnosis of 
breast tumors. 

According to the present invention, a means for detecting 
cdk6 expression or biological activity can be any suitable 
reagent Which can be used in a method for detection of cdk6 
expression or biological activity as described previously 
herein. Such reagents include, but are not limited to: a probe 
that hybridizes under stringent hybridization conditions to a 
nucleic acid molecule encoding cdk6 or a fragment thereof; 
RT-PCR primers for ampli?cation of mRNA encoding cdk6 
or a fragment thereof; and/or an antibody that selectively 
binds to cdk6. Preferred means for detection of cdk6 expres 
sion or biological activity include any reagents useful for 
immunohistochemistry and/ or immuno?uorescence, includ 
ing antibodies against cdk6. 
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According to the present invention, a probe is a nucleic 

acid molecule Which typically ranges in size from about 8 
nucleotides to several hundred nucleotides in length. Such a 
molecule is typically used to identify a target nucleic acid 
sequence in a sample by hybridizing to such target nucleic 
acid sequence under stringent hybridization conditions. As 
used herein, stringent hybridization conditions refer to stan 
dard hybridization conditions under Which nucleic acid 
molecules are used to identify similar nucleic acid mol 
ecules. Such standard conditions are disclosed, for example, 
in Sambrook et al., Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Labs Press, 1989. Sambrook et 
al., ibid., is incorporated by reference herein in its entirety 
(see speci?cally, pages 9.31*9.62). In addition, formulae to 
calculate the appropriate hybridization and Wash conditions 
to achieve hybridization permitting varying degrees of mis 
match of nucleotides are disclosed, for example, in 
Meinkoth et al., 1984, Anal. Biochem. 138, 267*284; 
Meinkoth et al., ibid., is incorporated by reference herein in 
its entirety. 
More particularly, stringent hybridization and Washing 

conditions, as referred to herein, refer to conditions Which 
permit isolation of nucleic acid molecules having at least 
about 70% nucleic acid sequence identity With the nucleic 
acid molecule being used to probe in the hybridization 
reaction, more particularly at least about 80%, and more 
particularly at least about 85%, and most particularly at least 
about 90%. Such conditions Will vary, depending on Whether 
DNAzRNA or DNAzDNA hybrids are being formed. Calcu 
lated melting temperatures for DNAzDNA hybrids are 10° 
C. less than for DNAzRNA hybrids. In particular embodi 
ments, stringent hybridization conditions for DNA2DNA 
hybrids include hybridization at an ionic strength of 6><SSC 
(0.9 M Na") at a temperature of betWeen about 20° C. and 
about 35° C., more preferably, betWeen about 28° C. and 
about 40° C., and even more preferably, betWeen about 35° 
C. and about 45° C. In particular embodiments, stringent 
hybridization conditions for DNAzRNA hybrids include 
hybridization at an ionic strength of 6><SSC (0.9 M Na") at 
a temperature of betWeen about. 30° C. and about 45° C., 
more preferably, betWeen about 38° C. and about 50° C., and 
even more preferably, betWeen about 45° C. and about 55° 
C. These values are based on calculations of a melting 
temperature for molecules larger than about 100 nucleotides, 
0% formamide and a G+C content of about 40%. Altema 
tively, Tm can be calculated empirically as set forth in 
Sambrook et al., supra, pages 9.31 TO 9.62. 
PCR primers are also nucleic acid sequences, although 

PCR primers are typically oligonucleotides of fairly short 
length Which are used in polymerase chain reactions. PCR s 
primers and hybridization probes can readily be developed 
and produced by those of skill in the art, using sequence 
information from the target sequence. (See, for example, 
Sambrook et al., supra or Glick et al., supra). 

Antibodies that selectively bind to cdk6 in the sample can 
be produced using cdk6 protein information available in the 
art. As used herein, the term “selectively binds to” refers to 
the ability of such an antibody to preferentially bind to a 
speci?c antigen, Which in this embodiment, is cdk6. Anti 
bodies useful in the assay kit and methods of the present 
invention can be either polyclonal or monoclonal antibodies. 
Such antibodies include functional equivalents such as anti 
body fragments and genetically-engineered antibodies, 
including single chain antibodies, that are capable of selec 
tively binding to at least one of the epitopes of the protein 
used to obtain the antibodies. Such antibodies can include 
chimeric antibodies in Which at least a portion of the heavy 
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chain and/or light chain of an antibody is replaced With a 
corresponding portion from a different antibody. For 
example, a chimeric antibody of the present invention can 
include an antibody having an altered heavy chain constant 
region (e.g., altered isotype), an antibody having protein 
sequences derived from tWo or more different species of 
animal, and an antibody having altered heavy and/or light 
chain variable regions (e.g., altered a?inity or speci?city). 

Generally, in the production of an antibody, a suitable 
experimental animal, such as a rabbit, hamster, guinea pig or 
mouse, is exposed to an antigen against Which an antibody 
is desired. Typically, an animal is immunized With an 
effective amount of antigen that is injected into the animal. 
An effective amount of antigen refers to an amount needed 
to induce antibody production by the animal. The animal’s 
immune system is then alloWed to respond over a pre 
determined period of time. The immunization process can be 
repeated until the immune system is found to be producing 
antibodies to the antigen. In order to obtain polyclonal 
antibodies speci?c for the antigen, serum is collected from 
the animal that contains the desired antibodies. Such serum 
is useful as a reagent. Polyclonal antibodies can be further 
puri?ed from the serum by, for example, treating the serum 
With ammonium sulfate. In order to obtain monoclonal 
antibodies, the immunized animal is sacri?ced and B lym 
phocytes are recovered from the spleen. The B lymphocytes 
are then fused With myeloma cells to obtain a population of 
hybridoma cells capable of continual groWth in suitable 
culture medium. Hybridomas producing a desired antibody 
are selected by testing the ability of an antibody produced by 
a hybridoma to bind to the antigen. 

The means for detecting a control marker characteristic of 
the cell type that is being sampled can generally be any type 
of reagent that can be used in a method of detecting the 
presence of a knoWn marker in a sample, such as by a 
method for detecting the presence of cdk6 described previ 
ously herein. Speci?cally, the means is characterized in that 
it identi?es a speci?c marker of the cell type being analyzed 
that positively identi?es the cell type. For example, in a 
breast tumor assay, it is desirable to screen breast epithelial 
cells for the level of cdk6 expression and/or biological 
activity. Therefore, the means for detecting a control marker 
identi?es a marker that is characteristic of an epithelial cell 
and preferably, a breast epithelial cell, so that the cell is 
distinguished from other cell types, such as a ?broblast. 
Such a means increases the accuracy and speci?city of the 
assay of the present invention. Such a means for detecting a 
control marker include, but are not limited to: a probe that 
hybridizes under stringent hybridization conditions to a 
nucleic acid molecule encoding a protein marker; PCR 
primers Which amplify such a nucleic acid molecule; and/or 
an antibody that selectively binds to the control marker in 
the sample. Nucleic acid and amino acid sequences for many 
cell markers are knoWn in the art and can be used to produce 
such reagents for detection. Examples of cell markers for 
epithelial cells include, but are not limited to any cytokeratin 
molecule. Examples of cell markers for breast epithelial 
cells include, but are not limited to cytokeratin l4, cytok 
eratin l9 and vimentin (see detailed discussion beloW). 

The means for detecting of part (a) and or part (b) of the 
assay kit of the present invention can be conjugated to a 
detectable tag. Such a tag can be any suitable tag Which 
alloWs for detection of the means of part (a) or (b) and 
includes, but is not limited to, a ?uorescent tag, a chemilu 
minescent tag, a radioactive tag, a calorimetric tag, an 
enzyme, or other such detectable tags Which are commonly 
used in detection assays such as those described herein. 
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In addition, the means for detecting of part (a) and or part 

(b) of the assay kit of the present invention can be immo 
bilized on a substrate. Such a substrate can include any 

suitable substrate for immobilization of a detection reagent 
such as Would be used in any of the previously described 
methods of detection. Brie?y, a substrate suitable for immo 
bilization of a means for detecting includes any solid sup 
port, such as any solid organic, biopolymer or inorganic 
support that can form a bond With the means for detecting 
Without signi?cantly effecting the activity and/or ability of 
the detection means to detect the desired target molecule. 
Exemplary organic solid supports include polymers such as 
polystyrene, nylon, phenol-formaldehyde resins, acrylic 
copolymers (e.g., polyacrylamide), stabilized intact Whole 
cells, and stabilized crude Whole cell/membrane homoge 
nates. Exemplary biopolymer supports include cellulose, 
polydextrans (e.g., Sephadex®), agarose, collagen and 
chitin. Exemplary inorganic supports include glass beads 
(porous and nonporous), stainless steel, metal oxides (e.g., 
porous ceramics such as ZrO2, TiO2, A1203, and NiO) and 
sand. 

In a preferred embodiment of the present invention, the 
assay kit is speci?cally formulated to test breast epithelial 
cells for cdk6 expression or biological activity, as a diag 
nostic kit for the detection of breast tumors. In this embodi 
ment, the means for detecting cdk6 expression or biological 
activity can be the same as for the general assay kit (de 
scribed above). The means for detecting a control marker 
characteristic of the cell type that is being sampled is a 
means for detecting a control marker characteristic of a 
breast epithelial cell. This means Will ensure that the cell 
being evaluated for cdk6 expression and/ or biological activ 
ity is a cell that is likely to form a tumor (i.e., a breast 
epithelial cell) and is not another cell, such as a ?broblast 
cell. Since preferred methods of analysis of the markers 
according to this embodiment are immunohistochemistry 
and immuno?uorescent assays, the con?rmation of the 
appropriate cell type is important. Preferred epithelial cell 
markers to identify using the means in part (b) include a 
cytokeratin, Which is an epithelial-speci?c marker. There are 
at least 40 different cytokeratins that are expressed by 
epithelial cells; hoWever, pan-speci?c cytokeratin antibodies 
are publicly available that can recognize any of the knoWn 
cytokeratins. Such an antibody is available, for example, 
from Dako. Therefore, in a preferred embodiment, the test 
kit includes as the means of (b) an antibody that selectively 
binds to a cytokeratin. In a particularly preferred embodi 
ment, such an antibody is a pan-speci?c cytokeratin anti 
body. Other embodiments include antibodies that selectively 
bind to a particular cytokeratin. Preferred control markers to 
detect in this embodiment are cytokeratins that are speci? 
cally expressed by breast epithelial cells, and include, but 
are not limited to, cytokeratin l9 (expressed by breast 
luminal epithelial cells), vimentin (expressed by breast basal 
epithelial cells) and cytokeratin l4 (expressed by breast 
myoepithelial cells). In another embodiment, this assay for 
breast tumor cells could include a third component of a 
normal cell control (i.e., a tissue sample from normal breast 
epithelium) Which is suitable for screening using the other 
reagents in the kit. 

According to the present invention, the method for assess 
ing tumor groWth in a patient, as Well as other methods 
disclosed herein, is suitable for use in a patient that is a 
member of the Vertebrate class, Mammalia, including, With 
out limitation, primates, livestock and domestic pets (e.g., a 
companion animal). Most typically, a patient Will be a 
human patient. 
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Another embodiment of the present invention relates to a 
method to identify a compound useful for the inhibition of 
cell groWth. Such a method includes the steps of: (a) 
detecting an initial level of cdk6 expression or biological 
activity in a cell; (b) contacting the cell With a test com 
pound; (c) detecting a level of cdk6 expression or biological 
activity in the cell after contact of the cell With the com 
pound; and, (d) selecting a compound that increases the 
expression or biological activity of cdk6 in the cell as 
compared to the initial level as being useful for inhibition of 
cell groWth. The method can include a further step of 
detecting Whether a compound selected in (d) inhibits 
groWth of a cell. 

Steps (a) and (c) of the method of the present invention 
require detection of cdk6 expression and/or biological activ 
ity in a cell. Detection of cdk6 expression and/or biological 
activity can include, but is not limited to: detecting cdk6 
mRNA transcription (e.g., by polymerase chain reaction 
(PCR), reverse transcriptase-PCR (RT-PCR), in situ hybrid 
iZation, Northern blot, sequence analysis or detection of a 
reporter gene); detecting cdk6 translation (e.g., by immu 
noblot, enZyme-linked immunosorbant assay (ELISA), 
radioimmunoassay (RIA), immunoprecipitation, immuno 
histochemistry and immuno?uorescence); and/or detecting 
cdk6 biological activity (e.g., by detecting cdk6 kinase 
activity). Such methods for detection of cdk6 expression and 
biological activity have been discussed in detail above With 
regard to the method for assessing tumor cell groWth, and 
that discussion applies to the detection cdk6 expression and 
biological activity here. The step of detection in step (a) is 
the control level of cdk6 expression or biological activity to 
Which the detection in step (c) is to be compared and 
evaluated. The step of detection in step (c) is the experi 
mental level of cdk6 expression or biological activity Which 
indicates Whether the test compound can change the level of 
cdk6 expression or biological activity in the cell, as com 
pared to the level determined in step (a). 
A cell suitable for use in the present method is any cell 

Which expresses or can be induced to express, a detectable 
level of cdk6. A detectable level of cdk6 is a level Which can 
be detected using any of the methods for cdk6 detection 
described herein. Since cdk6 is expressed by all mammalian 
cell types, virtually any cell could be selected. HoWever, it 
Will be appreciated by those of skill in the art that some cell 
types are more suitable for use in an in vitro assay (e.g., easy 
to maintain in culture, easy to obtain), and that cdk6 is more 
readily detectable in some cell types, and therefore, such cell 
types are preferable for use in the present invention. A 
preferred cell type to use in the method of the present 
invention is any cell type that has a naturally loW expression 
of cdk6, so that an increase in cdk6 is readily detectable. 
Some preferred cells to use in the method of the present 
invention include, but are not limited to: ?broblasts and 
breast tumor cells. In one embodiment, the cell is a mam 
mary cell, including a mammary epithelial cell. In another 
embodiment, the cell is a mammary tumor cell. In one 
embodiment, a cell suitable for use in the present method is 
a cell Which has been transfected With a recombinant nucleic 
acid molecule encoding cdk6 and operatively linked to a 
transcription control sequence so that cdk6 is expressed by 
the cell. As discussed above, the nucleic acid sequence for 
human cdk6, as Well as other mammalian cdk6 sequences, 
are knoWn in the art. Methods and reagents for preparing 
recombinant cells are knoWn in the art and are described for 
cdk6 in the Examples section. 
As used herein, the term “putative regulatory compound” 

refers to compounds having an unknown or previously 
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unappreciated regulatory activity in a particular process. The 
above-described method for identifying a compound of the 
present invention includes a step of contacting a test cell 
(Which can be a test cell lysate or a live test cell) With a 
compound being tested for its ability to increase the expres 
sion or biological activity of cdk6. For example, test cells 
can be groWn in liquid culture medium or groWn on solid 
medium in Which the liquid medium or the solid medium 
contains the compound to be tested. In addition, as described 
above, the liquid or solid medium contains components 
necessary for cell groWth, such as assimilable carbon, nitro 
gen and micro-nutrients. 

The above described methods, in one aspect, involve 
contacting cells With the compound being tested for a 
suf?cient time to alloW for interaction of the putative regu 
latory compound With an element that affects cdk6 expres 
sion and/or biological activity in a cell. Such elements can 
include, but are not limited to: a nucleic acid molecule 
encoding cdk6 (including regulatory regions of such a 
molecule), cdk6 protein, cdk6 inhibitors, cdk6 stimulators, 
and cdk6 substrates. The period of contact With the com 
pound being tested can be varied depending on the result 
being measured, and can be determined by one of skill in the 
art. For example, for binding assays, a shorter time of 
contact With the compound being tested is typically suitable, 
than When activity or expression is assessed. As used herein, 
the term “contact period” refers to the time period during 
Which cells are in contact With the compound being tested. 
The term “incubation period” refers to the entire time during 
Which cells are alloWed to groW prior to evaluation, and can 
be inclusive of the contact period. Thus, the incubation 
period includes all of the contact period and may include a 
further time period during Which the compound being tested 
is not present but during Which groWth is continuing (in the 
case of a cell based assay) prior to scoring. The incubation 
time for groWth of cells can vary but is su?icient to alloW for 
the upregulation of cdk6 expression or biological activity in 
a cell. It Will be recogniZed that shorter incubation times are 
preferable because compounds can be more rapidly 
screened. A preferred incubation time is betWeen about 1 
hour to about 48 hours. 

The conditions under Which the cell or cell lysate of the 
present invention is contacted With a putative regulatory 
compound, such as by mixing, are any suitable culture or 
assay conditions and includes an effective medium in Which 
the cell can be cultured or in Which the cell lysate can be 
evaluated in the presence and absence of a putative regula 
tory compound. Cells of the present invention can be cul 
tured in a variety of containers as including, but not limited 
to, tissue culture ?asks, test tubes, microtiter dishes, and 
petri plates. Culturing is carried out at a temperature, pH and 
carbon dioxide content appropriate for the cell. Such cul 
turing conditions are also Within the skill in the art. Cells are 
contacted With a putative regulatory compound under con 
ditions Which take into account the number of cells per 
container contacted, the concentration of putative regulatory 
compound(s) administered to a cell, the incubation time of 
the putative regulatory compound With the cell, and the 
concentration of compound administered to a cell. Determi 
nation of effective protocols can be accomplished by those 
skilled in the art based on variables such as the siZe of the 
container, the volume of liquid in the container, conditions 
knoWn to be suitable for the culture of the particular cell type 
used in the assay, and the chemical composition of the 
putative regulatory compound (i.e., siZe, charge etc.) being 
tested. A preferred amount of putative regulatory 
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compound(s) comprises between about 1 nM to about 10 
mM of putative regulatory compound(s) per well of a 
96-well plate. 

In one aspect, the present method also makes use of 
non-cell based assay systems to identify compounds that can 
regulate cdk6 expression or biological activity and thereby 
are predicted to be useful for regulating cell growth. For 
example, cdk6 proteins and nucleic acid molecules encoding 
cdk6 may be recombinantly expressed and utiliZed in non 
cell based assays to identify compounds that bind to the 
protein or nucleic acid molecule, respectively. In non-cell 
based assays the recombinantly expressed cdk6 or nucleic 
acid encoding cdk6 is attached to a solid substrate such as a 
test tube, microtitre well or a column, by means well known 
to those in the art. 

In one embodiment, DNA encoding a reporter molecule 
can be linked to a regulatory element of the cdk6 gene (or 
a gene encoding a protein that directly regulates cdk6) and 
used in appropriate intact cells, cell extracts or lysates to 
identify compounds that modulate cdk6 gene expression, 
respectively. Appropriate cells or cell extracts are prepared 
from any cell type that normally expresses cdk6, thereby 
ensuring that the cell extracts contain the transcription 
factors required for in vitro or in vivo transcription. The 
screen can be used to identify compounds that modulate the 
expression of the reporter construct. In such screens, the 
level of reporter gene expression is determined in the 
presence of the test compound and compared to the level of 
expression in the absence of the test compound. 

Following steps (a), (b) and (c) of the present method is 
a step (d) of selecting a compound that increase the expres 
sion or biological activity of cdk6 in the test cell as com 
pared to the initial level of cdk6 expression or biological 
activity prior to contact with the compound. In other words, 
compounds which cause an increase in the level of cdk6 
expression or biological activity as detected in step (c) and 
as compared to the level detected in step (a) are selected by 
the present method as being compounds that are predicted to 
be useful for the inhibition of cell growth. Preferably, 
compounds which are selected in step (d) are compounds for 
which, after the test cell was contacted with the compound 
in step (b), the level of cdk6 expression or biological activity 
detected in step (c) was statistically signi?cantly (i.e., with 
at least a 95% con?dence level, or p<0.05) increased as 
compared to the initial level of cdk6 expression or biological 
activity detected in step (a). Preferably, detection of at least 
about a 30% increase in ckd6 expression or biological 
activity in the cell as compared to initial level results in 
selection of the compound as being useful for inhibition of 
cell growth. More preferably, detection of at least about a 
50% increase and more preferably at least about a 70% 
increase, and more preferably at least about a 90% increase 
in cdk6 expression or biological activity in the cell as 
compared to the initial level results in selection of the 
compound as being useful for inhibition of cell growth. In 
one embodiment, a 1.5 fold increase in ckd6 expression or 
biological activity in the cell as compared to the initial level 
results in selection of the compound as being useful for 
inhibition of cell growth. More preferably, detection of at 
least about a 3 fold increase, and more preferably at least 
about a 6 fold increase, and even more preferably, at least 
about a 12 fold increase, and even more preferably, at least 
about a 24 fold increase in ckd6 expression or biological 
activity as compared to the initial level, results in selection 
of the compound as being useful for inhibition of cell 
growth. 
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It is to be understood that either of steps (a) and (c) of 

detection can result in no detection of cdk6 expression or 
biological activity or detection of cdk6. More speci?cally, 
since the level of cdk6 expression or biological activity in 
step (a) (i.e., the initial level) is the baseline or control level 
of cdk6 for the assay, if step (a) reveals no detectable cdk6 
expression or biological activity, then any detectable level of 
cdk6 expression or biological activity in step (c) is consid 
ered to be a positive result and indicative of increased cdk6 
activity in the cell. If the initial level of cdk6 expression or 
biological activity in step (a) is a detectable level, then the 
level of cdk6 expression or biological activity detected in 
step (c) is evaluated to determine whether it is statistically 
signi?cantly greater than that of step (a). It is possible that 
the level of cdk6 expression or biological activity in step (c) 
could be no detectable level, which would indicate that the 
compound did not increase cdk6 activity. In this scenario, 
however, it should be determined that the test cell can 
display an increase in cdk6 expression or biological activity 
under some conditions (i.e., by contact with a compound 
known to increase cdk6 activity in the test cell), so that false 
negatives are not identi?ed. 

In one embodiment of this method of the present inven 
tion, the method further includes the step of detecting 
whether the compound selected in step (d) can inhibit cell 
growth. In this embodiment, the test cell is contacted with 
the compound as in step (b), and the growth of the cell 
before and after contact with the cell are evaluated. Evalu 
ation of cell growth can be by any suitable method in the art, 
including, but not limited to, proliferation assays (e.g., by 
measuring uptake of [3 H] -thymidine, viewing cells morpho 
logically) and/or evaluating markers of cell growth (e.g., 
measurement of changes in cell surface markers, measure 
ment of intracellular indicators of cell growth). Such meth 
ods are known in the art and are exempli?ed in the Examples 
section. 

In another embodiment of this method of the present 
invention, the method further includes a step of detecting 
whether the compound decreases p57KIP2 expression or 
biological activity in the cell. p57KIP2 is believed to be an 
inhibitor of cdk6. Therefore, in one embodiment, it is 
desirable to detect whether the compound inhibits the 
p57KIP2 inhibitor, so that cdk6 can be released, thereby 
increasing cdk6 activity. The present inventors have discov 
ered that in T lymphocytes, where cdk6 expression is high, 
p57KIP2 and cdk6 interact, and p57KIP2 is also present in 
high amounts. The present inventors have additionally dis 
covered that p57KIP2 is present in very high amounts in 
normal breast epithelial cells, and although it has not cur 
rently been determined whether p57KIP2 in normal breast 
epithelial cells interacts with cdk6, based on the T lympho 
cyte data, the present inventors believe that it is likely the 
cdk6 binds to p57KIP2 in these cells. Without being bound 
by theory, the present inventors additionally believe that it is 
possible that p57KIP2 will be found to be reduced in 
expression in breast epithelial tumor cells. Therefore, 
p57KIP2 may be a second marker for tumor cell growth in 
breast tumors (i.e., see the diagnostic method of the present 
invention described above). 

In yet another embodiment of this method, the method 
further includes the steps of: (e) detecting a level of cdk4 
expression in the cell prior to and after contact with the 
compound; and, (f) selecting a compound that does not 
substantially increase the expression or biological activity of 
cdk4 in the cell after contact with the compound as com 
pared to prior to contact with the compound. In this embodi 
ment, the step of detecting a level of cdk4 expression can be 
perfonned in substantially the same ways as for detecting 
cdk6 levels, with the reagents being suitable for the detec 












































